Introduction {#j_helm-2019-0012_s_001}
============

Spiders are top-predators in arthropod communities playing animportant role in insect reduction ([@j_helm-2019-0012_ref_007];[@j_helm-2019-0012_ref_010]). However, there are manygroups of invertebrates that also feed on spiders.In this respect,parasites and parasitoids are among the very important group of natural enemies of spiders.Recently,records of the parasitesand parasitoids of spiders are becoming more frequent and manyauthors have described occurrences ofarasitisation by hyme-nopterous,dipterous,and neuropterous parasitoids(e.g.Allard &Robertson,2003;[@j_helm-2019-0012_ref_002];[@j_helm-2019-0012_ref_027]).However,very little is known about the relevance of nematode parasitism inspiders([@j_helm-2019-0012_ref_021];Penney&Bennett,2006).These findingsare rare and the parasite is usually not identified to species or evengenus due to the difficulties in idenification which requirefully ma-ture adult specimens ([@j_helm-2019-0012_ref_021];Penney &Bennett,2006).Allof known reports of natural nematode parasitism in spiders be-long to the group of parasitoids from the family Mermithidae (order Mermithida),which generally parasitize on invertebrates only([@j_helm-2019-0012_ref_021];[@j_helm-2019-0012_ref_008]).Apart from spiders,mermithids can alsobe found parasitizing in mosquitoes,grasshoppers,butterflies,damselflies or cockroaches ([@j_helm-2019-0012_ref_008]).However,formanymermithids,the host species is still unknown ([@j_helm-2019-0012_ref_013]).­

Up to now,only the following mermithid genera have been record-ed to parasite on spiders:*Mermis*Dujardin,1845;*Hexamermis* Steiner, 1924; *Agamermis* Cobb, Steiner & Christie, 1923; *Heydenius* Taylor, 1935 and *Arachnomermis* Rubtsov, 1978 ([@j_helm-2019-0012_ref_018];[@j_helm-2019-0012_ref_023];Poinar, 2012). Further, [@j_helm-2019-0012_ref_017] erected a collective genus*Agamomermis* for all identifica

tions based on juvenile material unsuitable for species identification([@j_helm-2019-0012_ref_021] ;Allard and Robertson, 2003). Afterwards, Poinar and Benton ( 1986)and Poinar &Early (1990) provided the firstdescriptions based on adult specimens of mermithids and erectedthegenus*Aranimermis* with a general characterization of this dis-tinctive genus that is trophically specialized on spiders.Parasitism by a mermithid is fatal to the host (Nikdelet al.,2011; Poinar,1983). The life cycle including five stages is describedin Poinar(1983):egg,second stage juvenile (preparasitic infectivej uvenile),parasitic third stage juvenile,­mature ­third ­stage­ postparasitic juvenile, two molts into adult. These parasitoids have parenteral intake of nutrition from the host tissues and haemolymph which may strongly influence the physiological condition of the host since the first instars of parasite development ([@j_helm-2019-0012_ref_014]). Afterwards, during the emergence of the (still juvenile) parasite, the mermithid nematode kills its host ([@j_helm-2019-0012_ref_021]). In this postparasitic free-living stage, the parasite does not feed anymore and only needs a suitable habitat to mature.

Spiders from a variety of functional guilds can be infected with mermithids. An important factor for the completion of these nematodes' life cycle is the presence of water, wet soil, or mud where they can mature after emergence from the spider host ([@j_helm-2019-0012_ref_021]; [@j_helm-2019-0012_ref_008]). Regardless, the ground dwelling and active hunter spiders are parasitized more often in comparison with orb web or space web spiders (e.g. Penney & Bennett, 2006; [@j_helm-2019-0012_ref_030]). Usually, spiders become infected by ingesting a paratenic host or directly by being penetrated by an infective larva that has recently hatched out from eggs (Penney & Bennett, 2006). Infected spiders may show symptoms such as an enlarged and deformed abdomen, deformed copulation structures, or deformed legs. Moreover, they may show changes in behaviour such as lethargy, slower reaction times to predators, and a tendency to move towards water ([@j_helm-2019-0012_ref_018]; [@j_helm-2019-0012_ref_016]; [@j_helm-2019-0012_ref_008]).

The purpose of the present paper is to report the first finding of a mermithid nematode, which parasites in the *Caerostris sumatrana* Strand, 1915 from the region of Southeast Asia along with ecological notes on the distributions of spider mermithids. To date, there are no records of endoparasitism by nematodes in orb-web spiders from the Asian region and furthermore, there are not even reports of mermithids in any groups of spiders from Southeast Asia. The postparasitic juvenile stage is described and its characteristics are illustrated. The list of records of mermithid infections made by [@j_helm-2019-0012_ref_021] and Penney & Bennett (2006) is updated according to the recent findings ([@j_helm-2019-0012_ref_025]; [@j_helm-2019-0012_ref_008]; [@j_helm-2019-0012_ref_030]; Ranade & Prakash, 2016) and amended with the location and region of the host-parasite finding.

Materials and methods {#j_helm-2019-0012_s_002}
=====================

The two *Caerostris* spiders were collected on the edge of a dry evergreen forest in the Phethaburi province of Ban Lat district in the central part of Thailand (12°96'85"N, 99°66'53"E; [Fig. 1](#j_helm-2019-0012_fig_001){ref-type="fig"}). The hilly landscape area of the locality was at an altitude of 300-400 m a.s.l. The area from which the parasitized spider was collected was sheltered by a dense canopy of dry evergreen forest with presence of river streams and small patches of disturbed and logged forest stands. Spiders were sampled during rainy season (July 2014), thus the environment in the location was very humid and influenced by short-term heavy rains. Specimens were collected at night by visually searching and removing individuals directly from the round web. Both females were identified according to available literature (Murphy & [@j_helm-2019-0012_ref_012]) as orb-web spiders, *Caerostris sumatrana*. After collection, the obtained material was kept alive in 60 ml individual plastic jars.

![Distribution map of mermithids parasiting in spiders throughout the whole area of Asia. All seven records (blue circles) from Asia are taken from the following literature: Okochi (1969); [@j_helm-2019-0012_ref_006]; [@j_helm-2019-0012_ref_003]; [@j_helm-2019-0012_ref_030]; [@j_helm-2019-0012_ref_024]. Our finding is marked by red coloured circle (for locality description see Material and Methods).](helm-56-157-g001){#j_helm-2019-0012_fig_001}

Parasite emergence from the host started after eight hours of live spider captivity. No freeliving post-parasites were found. After hatching the post-parasitic juvenile as well as the dead spider host were fixed in 70 % ethanol. For light microscopy examination the nematode was transferred gradually into solution of glycerine and water (2:1) before mounting on microscope slides. The examination of the parasite was performed by using an Olympus BX 50 microscope equipped with differential interference contrast (DIC) optics, digital image analysis system (Motion Stream), and a drawing attachment. Graphic processing of images were maintained and modified in Adobe Illustrator CS3 and Photoshop CS4.

The spider and the mermithid nematode have been both deposited in the collection of the Faculty of Forestry and Wood Technology of Mendel University in Brno (voucher number Mendelu-FF-1545).

Ethical Approval and/or Informed Consent {#j_helm-2019-0012_s_003}
========================================

The conducted research is not related to either human or animals use. Informed consent has been obtained from all individuals included in this study.

Results {#j_helm-2019-0012_s_004}
=======

In total, two adult females of *C. sumatrana* ([Fig. 2A, B)](#j_helm-2019-0012_fig_002){ref-type="fig"} were found at the locality and were found very close to each other (15 metres). No significant differences in body size or the constitution of both spider samples were found (total length 15.3 mm, opisthosoma 6.2 mm long and 5.1 mm wide). One sample of *C. sumatrana* was infected by a nematode which emerged from the host after eight hours of the spider being kept in captivity in a 60 ml plastic jar. Second specimen of spider was kept in captivity for several weeks and no parasitism evidence was found. Therefore, only one specimen of postparasitic juvenile was obtained and measured.

![The parasited spider *Caerostris sumatrana* in an orb-web before collecting. **A**: Overal view of spider body without any visible deformations caused by its parasitoid. **B**: Front view of the same specimen.](helm-56-157-g002){#j_helm-2019-0012_fig_002}

The specimen was brownish in colour ([Fig. 3](#j_helm-2019-0012_fig_003){ref-type="fig"}), slightly transparent at the tapered rounded ends ([Fig. 4](#j_helm-2019-0012_fig_004){ref-type="fig"}). The mermithid was extremely long in respect to its spider host, it was 28.1 cm in length and a maximum of 1.2 mm wide. It was determined as a collective genus *Agamomermis* Poinar et Welch, 1981, because identification to species level based on such juvenile stage was not possible. However, the morphological features of the examined post parasitic juvenile, including the presence of six cephalic papillae in one plane, amphids located near the lateral cephalic papillae, terminal mouth opening, the lack of lateral lip papillae, and the pointed appendage at the end of the tail ([Fig. 4-](#j_helm-2019-0012_fig_004){ref-type="fig"}[5](#j_helm-2019-0012_fig_005){ref-type="fig"}), were consistent with those of post parasitic juveniles from the genus *Aranimermis* Poinar & Beton, 1986, a species specialized on parasiting in spiders. Based on these charactecters, the specimen was classified as genus cf. *Aranimermis*.

![The host *Caerostris sumatrana* Strand, 1915 and the live postparasitic juvenile mermithid. **A**: Nematode and its killed host after emerging. **B**: Different positions of the mermithid in motion.](helm-56-157-g003){#j_helm-2019-0012_fig_003}

![Light microscopy micrograph (Nomarski contrast, superposition of 11 photos) of the cephalic region of the postparasitic juvenile mermithid from bark spider, *Caerostris sumatrana* Strand, 1915. Scale bar: 50 μm.](helm-56-157-g004){#j_helm-2019-0012_fig_004}

![Line drawings of postparasitic juvenile mermithid from *Caerostris sumatrana* Strand, 1915. **A**: Head region, lateral view. **B**: Tail region, lateral view. Scale bars: A = 200 μm, B = 1 mm](helm-56-157-g005){#j_helm-2019-0012_fig_005}

Discussion {#j_helm-2019-0012_s_005}
==========

Spider mermithids are recorded from various parts of the world ([@j_helm-2019-0012_ref_021]; Penney & Bennet, 2006; [@j_helm-2019-0012_ref_030]), however their findings are usually rare comprising mainly juvenile specimens ineligible for species designations. This is because of their complex life style and development which in natural conditions usually enables only accidental discoveries ([@j_helm-2019-0012_ref_018]). In general, there are two ways in which the spider parasiting mermithids can develope: (i) direct life cycle, that includes the direct penetration of the parasite into the host and (ii) the indirect life cycle in which the mermithid enters the body of the spider by infestation of a paratenic host which are most often larvae of various aquatic insects (Poinar & Early, 1990; [@j_helm-2019-0012_ref_030]). After the emergence from their host, postparasitic juvenile mermithids needs to mature in soil or freshwater (Poinar & Early, 1990). Most of the records are provided from this life stage (individuals directly emerging from the spiders), therefore these specimens lack species characteristics and it is only possible to identify them to the family or genus level. According to Poinar & Welch (1981), the juvenile specimens can only be identified to a collective genus, *Agamomermis*. However, Poinar & Benton (1986) raised a new genus, *Aranimermis*, which includes large and massive species that are specialized on parasitizing in spiders and share the same genus characteristics as our studied sample.

Due to the largeness of some mermithids, parasited spiders often show external morphological abnormalities (Poinar, 1983), e.g. greatly enlarged opisthosoma, an altered epigynum, malformed palpi, shorter and thicker legs, and poorly developed or absent male secondary sexual characteristics (Holm, 1941; Leech, 1966). Nevertheless, our host did not have any visible changes and it looked the same as the other non-infected specimen which was also collected. Meyer (2004) and [@j_helm-2019-0012_ref_025] report that infected spiders did not pose any significant changes in morphology, except for swollen abdomens. Therefore, the absence of any significant morphological changes in our sampled spiders (infected and uninfected) is very surprising, especially as the mermithid parasite reached 28 cm in length. This may be due to the overall massive body-constitution of *Caerostris* spiders. The spiders in which [@j_helm-2019-0012_ref_021] reports abnormalities come from the Lycosidae, Salticidae and Thomisidae families which are much smaller than our *Caerostris* spider specimen. In our case, internal organs and morphology was not studied, however, we assume severe damage to internal body parts of the spider as the spider specimen died immediately after parasite emergence. In general, the effect of the parasitoid on host physiological appearance requires more research before we can fully understand the overall effect of mermithid parasitoids on the spider´s body and behaviour. [@j_helm-2019-0012_ref_008] points out that the infection rate of spiders by mermithids is higher in spider populations located around habitats suitable for parasite maturation, such as wetlands and freshwater streams, which in addition usually support an increased abundance of aquatic insects which serve as important paratenic hosts. Indeed, our finding has been conducted near a water stream and during the tropical wet season that is characterized by frequent rainfalls and very high humidity. We suppose that this season is suitable for the final development and maturation of mermithid parasites as the dry season in tropical lowland forests may not be favourable due to the high drought and lower water level in fresh-water streams which also is likely to negatively affect paratenic insect hosts ([@j_helm-2019-0012_ref_011]). [@j_helm-2019-0012_ref_018] point out that most spiders found parasitized would have an opportunity to feed on adult insects which possess an aquatic larval stage. We can support this hypothesis as we have found many prey remains of Trichoptera, Chironomidae and Culicidae in the spider host web.

According to Penney & Bennet (2006) and [@j_helm-2019-0012_ref_008] the infection rate in some spider populations may reach more than 8 % and is recorded from all trophic guilds of spiders with different hunting strategies (Cardoso et al. 2011). This is probably because of the indirect development of mermithids that use insects as paratenic hosts, which are the consumed by various hunting guilds of spiders. However, it seems that the highest prevalence of infection has been usually found in actively hunting spiders such as ground and other hunters from Lycosidae and Salticidae families (Iida & Hasegawa 2003; Penney & Bennet 2006; see updated [Table 1](#j_helm-2019-0012_tab_001){ref-type="table"}). On the other hand, parasitisms in orb-web spiders from Araneidae family, which includes *Caerostris sumatrana*, are known worldwide only from three species reported to date back more than 30 years ago ([@j_helm-2019-0012_ref_021]): *Aculepeira ceropegia* (Walckenaer 1802), *Araneus diadematus* Clerck 1757 and *Verrucosa arenata* (Walckenaer 1842). No recent documentation has been made for orb-web genus *Caerostris*, not even for the whole family of Araneidae in last few decades (Penney & Bennet, 2006).

###### 

Summary of all records of mermithids from spiders around the world.

\* Unknown country, however the geographic region can be determined by the distribution of the spider host. Spider families alphabetically arranged.

  Family           Host of mermithid                                         Hunting guild         Mermithid                                               Country        Continent       Reference
  ---------------- --------------------------------------------------------- --------------------- ------------------------------------------------------- -------------- --------------- --------------------------------------------------------
  Agelenidae       *Agelenopsis oregonensis* Chamberlin & Ivie 1935          Sheet web weavers     *species inquirendae*                                   USA            North America   in [@j_helm-2019-0012_ref_021]
  Amaurobiidae     *Eurocoelotes inermis* (L. Koch 1855)                     Sheet web weavers     *species inquirendae*                                   Germany        Europe          in [@j_helm-2019-0012_ref_021]
  Antrodiaetidae   *Atypoides riversi* O.R-Cambridge 1833                    Sensing web weavers   *species inquirendae*                                   USA            North America   in [@j_helm-2019-0012_ref_021]
  Anyphaenidae     *Wulfila* albens (Hentz, 1847)                            Other hunters         *Aranimermis aptispicula*                               USA            North America   in [@j_helm-2019-0012_ref_021]
                                                                                                   Poinar & Benton, 1986                                                                  
  Araneidae        *Aculepeira ceropegia* (Walckenaer 1802)                  Orb web weavers       *species inquirendae*                                   UK             Europe          in [@j_helm-2019-0012_ref_021]
  Araneidae        *Araneus diadematus* Clerck 1757                          Orb web weavers       *species inquirendae*                                   UK             Europe          in [@j_helm-2019-0012_ref_021]
  Araneidae        *Verrucosa arenata* (Walckenaer 1842)                     Orb web weavers       *Aranimermis aptispicula* Poinar & Benton, 1986         USA            North America   in [@j_helm-2019-0012_ref_021]
  Ctenidae         *Leptoctenus byrrhus* Simon 1888                          Other hunters         *species inquirendae*                                   UK             Europe          [@j_helm-2019-0012_ref_023] in Penney & Bennet (2006)
  Cybaeidae        *Argyroneta aquatica* (Clerck 1757)                       Sheet web weavers     *species inquirendae*                                   UK             Europe          in [@j_helm-2019-0012_ref_021]
  Gnaphosidae      *Cesonia bilineata* (Hentz 1847)                          Ground hunters        *Aranimermis aptispicula* [@j_helm-2019-0012_ref_020]   USA            North America   in [@j_helm-2019-0012_ref_021]
  Gnaphosidae      *Gnaphosa lucifuga* (Walckenaer 1802)                     Ground hunters        *species inquirendae*                                   Germany        Europe          in [@j_helm-2019-0012_ref_021]
  Hexathelidae     *Porrhothele antipodiana*                                 Sheet web             *Aranimermis giganteus*                                 New Zealand    Australia       Poinar & Early (1990) in
                   (Walckenaer 1837)                                         weavers               Poinar & Early, 1990                                                                   Penney & Bennet (2006)
  Idiopidae        *Misgolas borealis* (Forster 1968)                        Sensing web           *Aranimermis giganteus*                                 New Zealand    Australia       Poinar & Early (1990) in
                                                                             weavers               Poinar & Early, 1990                                                                   Penney & Bennet (2006)
  Linyphiidae      *Micryphantes bicuspidatus* C.L. Koch 1838                Sheet web weavers     *species inquirendae*                                   \*             Europe          in [@j_helm-2019-0012_ref_021]
  Lycosidae        *Alopecosa inquilina* (Clerck 1757)                       Ground hunters        *species inquirendae*                                   \*             Europe          in [@j_helm-2019-0012_ref_021]
  Lycosidae        *Alopecosa trabalis* (Clerck 1757)                        Ground hunters        *species inquirendae*                                   \*             Europe          in [@j_helm-2019-0012_ref_021]
  Lycosidae        *Arctosa alpigena* (Doleschall 1852)                      Ground hunters        *species inquirendae*                                   UK             Europe          [@j_helm-2019-0012_ref_023] in Penney & Bennet (2006)
  Lycosidae        *Geolycosa patellonigra* Wallace 1942                     Ground hunters        *species inquirendae*                                   USA            North America   in [@j_helm-2019-0012_ref_021]
  Lycosidae        *Hygrolycosa rubrofasciata* (Ohlert 1865)                 Ground hunters        *species inquirendae*                                   Finland        Europe          [@j_helm-2019-0012_ref_001] in Penney & Bennet (2006)
  Lycosidae        *Pardosa agrestis* (Westring 1861)                        Ground hunters        *species inquirendae*                                   \*             Europe          in [@j_helm-2019-0012_ref_021]
  Lycosidae        *Pardosa amentata* (Clerck 1757)                          Ground hunters        *species inquirendae*                                   \*             Europe          in [@j_helm-2019-0012_ref_021]
  Lycosidae        *Pardosa furcifera* (Thorell 1875)                        Ground hunters        *species inquirendae*                                   USA            North America   in [@j_helm-2019-0012_ref_021]
  Lycosidae        *Pardosa glacialis* (Thorell 1872)                        Ground hunters        *species inquirendae*                                   Greenland      North America   in [@j_helm-2019-0012_ref_021]
  Lycosidae        *Pardosa hortensis* (Thorell 1872)                        Ground hunters        *species inquirendae*                                   \*             Europe          in [@j_helm-2019-0012_ref_021]
  Lycosidae        *Pardosa lugubris* (Walckenaer 1802)                      Ground hunters        *species inquirendae*                                   \*             Europe          in [@j_helm-2019-0012_ref_021]
  Lycosidae        *Pardosa milvina* (Hentz 1844)                            Ground hunters        *species inquirendae*                                   Canada         North America   in [@j_helm-2019-0012_ref_021]
  Lycosidae        *Pardosa palustris* (Linneaus 1758)                       Ground hunters        *species inquirendae*                                   \*             Europe          in [@j_helm-2019-0012_ref_021]
  Lycosidae        *Pardosa pseudoannulata* (Boesenberg & Strand 1906)       Ground hunters        *species inquirendae*                                   Japan          Asia            lida & Hasegawa (2003) in Penney & Bennet (2006)
  Lycosidae        *Pardosa riparia (C.L* Koch 1833)                         Ground hunters        *species inquirendae*                                   \*             Europe          in [@j_helm-2019-0012_ref_021]
  Lycosidae        *Pardosa sphagnicola* (Dahl 1908)                         Ground hunters        *species inquirendae*                                   \*             Europe          in [@j_helm-2019-0012_ref_021]
  Lycosidae        *Pardosa suwai* Tanaka 1985                               Ground hunters        *species inquirendae*                                   Japan          Asia            [@j_helm-2019-0012_ref_006] in Penney & Bennet (2006)
  Lycosidae        *Pardosa vancouveri* Emerton 1917                         Ground hunters        *species inquirendae*                                   USA            North America   in [@j_helm-2019-0012_ref_021]
  Lycosidae        *Prolycosides amblygyna* (Mello-Leitão, 1942)             Ground hunters        *species inquirendae*                                   Peru           South America   in [@j_helm-2019-0012_ref_025]
  Lycosidae        *Rabidosa rabida* (Walckenaer 1837)                       Ground hunters        *species inquirendae*                                   USA            North America   in [@j_helm-2019-0012_ref_021]
  Lycosidae        *Schizocosa saltatrix* (Hentz 1844)                       Ground hunters        *species inquirendae*                                   USA            North America   in [@j_helm-2019-0012_ref_021]
  Lycosidae        *Sosippus floridanus* Simon 1898                          Ground hunters        *species inquirendae*                                   USA            North America   in [@j_helm-2019-0012_ref_021]
  Lycosidae        *Trochosa terricola* Thorell, 1856                        Ground hunters        *species inquirendae*                                   Germany        Europe          in [@j_helm-2019-0012_ref_008]
  Nemesiidae       *Stanwellia kaituna* (Forster 1968)                       Sensing web weavers   *Aranimermis giganteus* Poinar & Early, 1990            New Zealand    Australia       Poinar & Early (1990) in Penney & Bennet (2006)
  Oxyopidae        *Oxyopes sertatus* L. Koch 1877                           Other hunters         *species inquirendae*                                   Japan          Asia            Okochi (1969) in Penney *&* Bennet (2006)
  Oxyopidae        *Peucetia viridans* (Hentz 1832)                          Other hunters         *species inquirendae*                                   USA            North America   in [@j_helm-2019-0012_ref_021]
  Philodromidae    *Tibellus oblongus* (Walckenaer 1802)                     Other hunters         *species inquirendae*                                   Germany        Europe          in [@j_helm-2019-0012_ref_021]
  Salticidae       *Friggasp*. (C.L. Koch, 1850)                             Other hunters         *species inquirendae*                                   Brazil         South America   in Rodrigues etal. (2005)
  Salticidae       *Habronattus signatus* (Banks 1900)                       Other hunters         *species inquirendae*                                   Hawaii (USA)   Oceania         Vandergast & Roderick (2003) in Penney & Bennet (2006)
  Salticidae       *Myrmarachne formicaria* (De Geer 1778)                   Other hunters         *species inquirendae*                                   \*             Europe          in Poinar(1987)
  Salticidae       *Phidippus borealis* Banks 1895                           Other hunters         *species inquirendae*                                   USA            North America   in Poinar(1987)
  Salticidae       *Phidippus clarus* Keyserling 1885                        Other hunters         *species inquirendae*                                   USA            North America   in Poinar(1987)
  Salticidae       *Phidippus johnsoni* (Peckham Peckham 1883)               Other hunters         *species inquirendae*                                   USA            North America   in Poinar(1987)
  Salticidae       *Phidippus putnami* (Peckham Peckham 1883)                Other hunters         *species inquirendae*                                   USA            North America   in Poinar(1987)
  Salticidae       *Sitticus floricola palustris* (Peckham & Peckham 1883)   Other hunters         *species inquirendae*                                   USA            North America   in [@j_helm-2019-0012_ref_021]
  Salticidae       *Thiodina sp*. (Simon, 1900)                              Other hunters         *species inquirendae*                                   Brazil         South America   in [@j_helm-2019-0012_ref_025]
  Sparrassidae     *Heteropoda venatoria* (Linnaeus, 1767)                   Other hunters         *species inquirendae*                                   India          Asia            in Ranade & Prakash (2016)
  Stiphidiidae     *Cambridgea foliata* (L. Koch 1872)                       Sheet web weavers     *species inquirendae*                                   New Zealand    Australia       in [@j_helm-2019-0012_ref_021]
  Tetragnathidae   *Tetragnatha anuenue* Gillespie 2002                      Orb web weavers       *species inquirendae*                                   Hawaii (USA)   Oceania         Vandergast & Roderick (2003) in Penney & Bennet (2006)
  Tetragnathidae   *Tetragnatha brevignatha* Gillespie 1991                  Orb web weavers       *species inquirendae*                                   Hawaii (USA)   Oceania         Vandergast & Roderick (2003) in Penney & Bennet (2006)
  Tetragnathidae   *Tetragnatha praedonia* L. Koch 1878                      Orb web weavers       *species inquirendae*                                   Japan          Asia            Okochi (1969) in Penney & Bennet (2006)
  Tetragnathidae   *Tetragnatha quasimodo* Gillespie 1991                    Orb web weavers       *species inquirendae*                                   Hawaii (USA)   Oceania         Vandergast & Roderick (2003) in Penney & Bennet (2006)
  Theridiidae      *Enoplognatha ovata* (Clerck 1757)                        Space web weavers     *species inquirendae*                                   \*             Europe          in [@j_helm-2019-0012_ref_021]
  Thomisidae       *Diaea dorsata* (Fabricius 1777)                          Ambush hunters        *species inquirendae*                                   \*             Europe          in [@j_helm-2019-0012_ref_021]
  Thomisidae       *Misumenops tricuspidatus* (Fabricius 1775)               Ambush hunters        *species inquirendae*                                   Japan          Asia            Okochi (1969) in Penney & Bennet (2006)
  Thomisidae       *Xysticus deichmanni* Soerensen 1898                      Ambush hunters        *species inquirendae*                                   USA            North America   in [@j_helm-2019-0012_ref_021]
  Thomisidae       *Xysticus durus* (Soerensen 1898)                         Ambush hunters        *species inquirendae*                                   USA            North America   in [@j_helm-2019-0012_ref_021]
  Thomisidae       *Xysticus funestus* Keyserling 1880                       Ambush hunters        *species inquirendae*                                   USA            North America   in [@j_helm-2019-0012_ref_021]
  Thomisidae       *Heriaeus spinipalpus* Loerbroks 1983                     Ambush hunters        *species inquirendae*                                   Iran           Asia            in Zamani(2014)
  Zoridae          *Zor a maculosa* Roewer 1951                              Ground hunters        *species inquirendae*                                   \*             Europe          in [@j_helm-2019-0012_ref_021]

It must be noted that most of the spider-mermithid interactions come from the Palaearctic and Nearctic region in mild climate of Europe and Northern America (e.g. Penney & Bennet, 2006; [@j_helm-2019-0012_ref_008]). Records from sub-tropical and/or tropical bioregions (especially in Asia) are very scarce and usually only with individual findings ([@j_helm-2019-0012_ref_025]; [@j_helm-2019-0012_ref_030]; Ranade & Prakash, 2016; see [Fig. 1](#j_helm-2019-0012_fig_001){ref-type="fig"}). We suppose this could be explained by long-term and constant arachnological research in countries of Europe and/or North America. Furthermore, pitfall trapping is among the most frequent collecting methods for spiders in these regions (Schmidt et al., 2005). This method, usually used with different preservation mediums, efficiently catches high abundances of various groups of epigeic and other actively moving spiders and thus likely enhances the overall chance of catching a mermithid infected spider (see above and [Table 1](#j_helm-2019-0012_tab_001){ref-type="table"}.). On the other hand, arachnological research in Southeast Asian countries has been neglected and very limited, becoming more progressive only in the last 10 years (e.g. Jaeger & Praxaysombath, [@j_helm-2019-0012_ref_003], [@j_helm-2019-0012_ref_004]; [@j_helm-2019-0012_ref_029]), therefore we suppose it is the main reason for the lack of records on spider-mermithid interactions from southeast Asia ([Fig. 1](#j_helm-2019-0012_fig_001){ref-type="fig"}). This hypothesis is also supported by the increased number of reports on parasitized insects as paratenic hosts for spiders throughout various countries of Southeast Asia during the last couple of decades; therefore this suggests wide distribution of mermithids in insect hosts (e.g. [@j_helm-2019-0012_ref_019]; [@j_helm-2019-0012_ref_028]; [@j_helm-2019-0012_ref_005]).

In conclusion our finding is the first record of a mermithid nematode in the host species of orb-web spiders from the genus *Caerostris*, and it represents the first evidence of spider-mermithid interactions from Southeast Asia. However, it is very possible that mermithid parasitism is actually widespread in all Asian countries, since a great variety of spiders have been noted as mermithid hosts from other regions (e.g. [@j_helm-2019-0012_ref_018], 1987, [@j_helm-2019-0012_ref_022]; [@j_helm-2019-0012_ref_015]; [@j_helm-2019-0012_ref_008]) and since findings of mermithids in insect paratenic hosts are common throughout southeast Asia (e.g. [@j_helm-2019-0012_ref_005]). Unfortunately, the following problems: the low chance of detection in nature, insufficient knowledge of this group, the need for adult stages (especially of males) for identification, and the difficulties in rearing mermithids to the adult stage, all complicate the study of mermithid parasitoids of spiders and their biodiversity in South East Asia and elsewhere.
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